The first objective of this paper is to present a technique and a particular application to calculate the dielectric profile, the elements of the matrix, and its derivatives of the dielectric profile in the cases of circular and periodic circular profiles in the cross section of the rectangular straight waveguide. The second objective is to investigate the influence of the circular and periodic circular profiles on the output fields. The proposed technique relates to the method that is based on the Laplace and Fourier transforms, the inverse Laplace and Fourier transforms. This model is useful to predict the structure of the output fields for circular and periodic circular profiles in a rectangular metallic waveguide. The application is useful for straight waveguides in the microwave and the millimeter-wave regimes.
Introduction
The methods of straight waveguides have been proposed in the literature. A method of selective suppression of electromagnetic modes in rectangular waveguides by loading distributed losses in some special position of waveguide inner wall has been presented (Jiao, 2011) . In this paper, the unwanted modes can be attenuated much larger relative to the operating mode and this proposed method can be used to improve the stability of rectangular waveguide beam-wave interaction circuit. An analytical model for the corrugated rectangular waveguide has been extended to compute the dispersion and interaction impedance (Mineo, 2010) . In this paper, the application of analytical method based on the field equations, validated by 3-D simulators has been presented to design corrugated rectangular waveguide slow-wave structure T H z amplifiers.
A fundamental and accurate technique to compute the propagation constant of waves in a lossy rectangular waveguide has been proposed (Yeap et al., 2011) . This method is based on matching the electric and magnetic fields at the boundary, and allowing the wavenumbers to take complex values. An important consequence of this work is the demonstration that the loss computed for degenerate modes propagating simultaneously is not simply additive.
A method of solving the propagation constant for the bound modes in the dielectric rectangular waveguides has been presented (Sharma, 2010) . In this paper, the characteristic equations of the modes of the dielectric rectangular waveguide have been derived using the mode matching technique. A simple closed form expression to compute the time-domain reflection coefficient for a transient T E 10 mode wave incident on a dielectric step discontinuity in a rectangular waveguide has been presented (Rothwell et al., 2009) . In this paper, an exponential series approximation was provided for efficient computation of the reflected and transmitted field waveforms. The electromagnetic fields in rectangular conducting waveguides filled with uniaxial anisotropic media has been characterized (Liu et al., 2000) . In this paper, the electric type dyadic Green's function due to an electric source was derived by using eigenfunctions expansion and the Ohm-Rayleigh medhod. www.ccsenet.org/apr Applied Physics Research Vol. 7, No. 2; 2015 The simulation, design and implementation of bandpass filters in rectangular waveguides has been proposed (Choocadee et al., 2012) . In this paper, the filters were simulated and designed by using a numerical analysis program based on the wave iterative method. The waveguide filter design simulation allows us to reduce the design problem to determinate a bandpass filter structure in the rectangular waveguide with usable frequency range. A full-vectorial boundary integral equation method for computing guided modes of optical waveguides has been proposed (Lu et al., 2012) . This method is applicable to waveguides with high intex-contrast, sharp corners and layered background. The integral equations are used to compute the Neumann-to-Dirichlet operators for sub-domains of constant refractive index on the transverse plane of the waveguide, and they are discretized by a Nystrom method with a graded mesh for handling the corners.
A general method with the equations for the propagation constants of fiber waveguides of arbitrary cross-sectional shapes has been propsed (Eyges et al., 1979) . In this paper, the proposed techniques used to solve problem of scattering by irregularly shaped dielectric bodies, and in the static limit, for solving the problem of an irregular dielectric or permeable body in an external field. The phase of the reflection coefficient of a T E 10 rectangular waveguide mode at the cut-off point in a gentle downtaper has been investigated (Soekmadji et al., 2009 ).
The rectangular dielectric waveguide technique for the determination of complex permittivity of a wide class of dielectric materials of various thicknesses and cross sections has been described (Abbas et al., 1998) . In this paper, the technique has been presented to determine the dielectric constant of materials. By transforming the infinite x-y plane onto a unit square and using two-dimensional Fourier series expansions, the propagation constants and modal fields of dielectric waveguides have been accurately calculated (Hewlett et al., 1995) . This method is reliable down to modal cutoff and can be used to determine cutoff V-values directly.
A transfer matrix function for the analysis of electromagnetic wave propagation along the straight dielectric waveguide with arbitrary profiles has been proposed (Menachem & Jerby, 1998) . This method based on the Laplace and Fourier transforms. This method is based on Fourier coefficients of the transverse dielectric profile and those of the input wave profile. Laplace transform is necessary to obtain the comfortable and simple input-output connections of the fields. The transverse field profiles are computed by the inverse Laplace and Fourier transforms.
All models that are mentioned refer to solve interesting wave propagation problems with a particular geometry. If we want to solve more complex problems of coatings in the cross-section of the dielectric waveguides, such as periodic profiles in the cross section, then it is important to develop in each modal an improved technique for calculating profiles with the dielectric coatings or with the periodic structure.
This paper presents a technique and a particular application to calculate the dielectric profile, the elements of the matrix and its derivatives of the dielectric profile in the cases of circular and periodic circular profiles in the cross section of the straight rectangular waveguide. The examples will be demonstrated for the circular and periodic circular dielectric profiles in a rectangular metallic waveguide. The proposed technique relates to the method for the propagation along the straight rectangular metallic waveguide (Menachem & Jerby, 1998) . The technique and the particular application to solve the circular and periodic circular profiles in the cross section will given in detail. This model is useful to predict the output results of the fields in the cases of circular and periodic circular profiles in the cross section of the straight rectangular waveguide in the cases of wave millimeter.
Formulation of the Problem
The objective of this paper is to introduce a technique and a particular application to calculate the dielectric profile, the elements of the matrix and its derivatives of the dielectric profile in the cases of circular and periodic circular profiles in the cross section of the straight rectangular waveguide. Figure 1(c) shows an example of periodic structure with two circular profiles along y-axis. In this example, the center of the upper circle is located at the point (a/2, 3/4 b) and the center of the lower circle is located at the point (a/2, b/4). Figure 1 (d) shows an example of periodic structure with four circular profiles along x-axis and y-axis. In this example, the center of the first circle is located at the point (a/4, b/4), the center of the second circle is located at the point (3/4 a, b/4), the center of the third circle is located at the point (a/4 a, 3/4 b), and the center of the firth circle is located at the point (3/4 a, 3/4 b).
The objective of this paper is to introduce a technique and a particular application to calculate the dielectric profile, the elements of the matrix and its derivatives of the dielectric profile in the cases of circular and periodic circular profiles (Figures 1(a) -(d)) in the cross section of the straight rectangular waveguide. The proposed technique relates to the method for the propagation along a straight rectangular metallic waveguide (Menachem & Jerby, 1998 Vol. 7, No. 2; 2015 the electric field are given finally by
where E x 0 , E y 0 , E z 0 are the initial values of the corresponding fields at z=0, i.e., E x 0 = E x (x, y, z=0), and E x 0 ,Ê y 0 ,Ê z 0 are the initial-value vectors.
The modified wave-number matrices are given by
where the diagonal matrices K (0) , M, and N are given by
and where
Similarly, the other components of the magnetic field are obtained. The output transverse field profiles are given by the inverse Laplace and Fourier transforms, as follows
where the inverse Laplace transforms is calculated according to the Salzer method (Salzer, 1955) (Salzer, 1961) . A Fortran code is developed using NAG subroutines (The Numerical Algorithms Group (NAG)).
It is very interesting to compare between the mode model method for wave propagation in the straight waveguide with a circular cross section (Menachem & Tapuchi, 2013) and this model for the wave propagation in the straight waveguide with a rectangular cross section. These are two kinds of different methods that enable us to solve practical problems with different boundary conditions. The calculations in all method are based on using Laplace and Fourier transforms, and the output fields are computed by the inverse Laplace and Fourier transforms. Laplace transform on the differential wave equations is needed to obtain the wave equations (and thus also the output fields) that are expressed directly as functions of the transmitted fields at the entrance of the waveguide at z = 0 + . Thus, the Laplace transform is necessary to obtain the comfortable and simple input-output connections of the fields.
The technique and the particular application are proposed in the next section to calculate the dielectric profile g(x, y) and the derivatives g x (x, y) ,
, and the elements of the matrix g(n, m), and its derivatives g x (n, m) and g y (n, m). The examples and the graphical results are given in the cases of circular and periodic circular profiles (Figures 1(a) -(d)) in the cross section of the straight rectangular waveguide.
The Technique and the Particular Application
The technique, the particular application and several examples are demonstrated in this section in order to calculate the dielectric profile and the derivatives of the dielectric profile in the cases of circular and periodic circular profiles, as shown in Figures 1(a) Vol. 7, No. 2; 2015 In this section, we will introduce the dielectric profile g(x, y), the derivatives g x (x, y) , g y (x, y), the elements of the matrix g(n, m), and its derivatives g x (n, m) and g y (n, m).
The output results are demonstrated for one circular profile ( 
The Technique
The elements of the matrix g(n,m) are calculated for an arbitrary profile in the cross section of the straight waveguide according to Figure 2 . The dielectric profile g(x, y) is given according to ϵ(x, y) = ϵ 0 (1+g(x, y)). According to Figure 2 and for g(x, y) = g 0 , we obtain
The development of Equation 3 is given in detail in the Appendix A, and if y 11 and y 12 are not functions of x, then the dielectric profile is given by
If y 11 and y 12 are functions of x, then we obtain
where the form of the matrix G is given by: 
The derivative of the dielectric profile in the case of y 11 and y 12 are functions of x, is given by
where
, k x = (nπx)/a, and k y = (mπy)/b. Similarly, we can calculate the value of g x (n, m), where g y (x, y) = (1/ϵ(x, y))(dϵ(x, y)/dy).
The equation for one circle is given by (x − a/2) 2 + (y − b/2) 2 = r 2 , where the center of the circle is located at (a/2, b/2), as shown in Figure 1(a) . Thus we obtain two possibilities y 11 (x) = b/2 − √ r 2 − (x − a/2) 2 and y 12 (x) = b/2 + √ r 2 − (x − a/2) 2 , according to Figure 2 . In this case, we obtain y 12 − y 11 = 2 √ r 2 − (x − a/2) 2 and y 12 + y 11 = b.
In the same principle we can calculate the equations for the periodic circles according to their location, as shown in Figures 1(b)-(d) .
The particular application based on ω ε function
The particular application is based on the ω ε function (Vladimirov, 1971) . The ω ε function is used in order to solve circular profile and periodic circular profiles in the cross section of the straight waveguide. The ω ε function ( Figure  3(a) ) is defined as
where C ε is a constant, and ∫ ω ε (r)dr = 1. 
else g(x, y) = 0. The radius of the circle is given by r =
Similarly, we can calculate the circular dielectric profile according to their location.
Thus, the derivatives of the dielectric profile for one circle are given where the center is located at (a/2, b/2) ( Figure  1(a) ) in the region r 1 − ε 1 /2 ≤ r < r 1 + ε 1 /2 by 
else g x =0, and g y =0.
The elements of the matrices for one circle are given where the center is located at (a/2, b/2) (Figure 1(a) ) by
Similarly, we can calculate the periodic circular profile according to the number of the circles and the locations of their centers.
Numerical Results
The analytical method for the dielectric slab (Collin, 1996) is shown in Figure 4 (a). The slab profile in the cross section is based on transcendental equation, as follows
where The criterion for the convergence of the solution is given by
for N ≥ 1, where (2N + 1) 2 is the number of the modes. By increasing the order N, then E y (N) approaches E y .
For the practical case of the straight waveguide with the symmetrical slab profile (Figure 4(a) ), Equations (13(a)-(c)) are substituted to Equation 1(b) at z = 0 + . The result of the comparison between the theoretical model with the analytical solution (Collin R. E., 1996) is shown in Figure 4(b) , where a= 20 mm, b=10 mm, d=3.3 mm, t=8.35 mm, ϵ r = 9, and λ = 6.9 cm. The convergence according to the criterion (14) is shown in Figure 4(c) . The value of the criterion between N=7 and N=9 is equal to -2. Thus, the comparison has shown good agreement.
We have two ways to compare between the results of our model and the other methods.
The First Way
The first way is to compare between the results of the output fields for every order (N=1, 3, 5, 7, and 9) with the final solution of the known method.
The Scecond Way
The second way is to compare between the results of the output fields (according to our model) for every two orders (N=1,3, N=3,5, N=5,7, and N=7,9), until our numerical solution is well converged. This way is efficient in the cases that we have complicated problems that we cannot compare with the other final known method. According to the proposed technique, the slab dielectric profile g(x) that is shown in Figure 4 (a) is given by
The elements of the matrice g(n, m) are given according to Figure 4 (a) in the case of b = c by 
All the next graphical results are demonstrated as a response to a half-sine (T E 10 ) input-wave profile and the circular and periodic circular profiles (Figures 1(a) -(d)) in the cross section of the straight rectangular waveguide.
Figures 5 (a)-(d) show the results of the output field as a response to a half-sine (T E 10 ) input-wave profile. In this case, the radius of the circle is equal to 2.5 mm and the center of the circle is located at the point (a/2, b/2), as shown in Figure 1 (a) for ϵ r = 3, 5, 7, and 10, respectively. The other parameters are a=2 cm , z= 15 cm, k 0 = 167 1/m, λ = 3.75 cm, and β = 58 1/m.
By increasing only the value of the parameter ϵ r of the circular dielectric profile (Figure 1(a) ) in the rectangular cross section from 3 to 10, the Gaussian shape of the output transverse profile of the field increased and the T E 10 wave profile decreased. By increasing only the value of the parameter ϵ r , the relative amplitude of the output field decreased. Vol. 7, No. 2; 2015 Figure 6(a) shows that by increasing only the value of ϵ r of the circular dielectric profile, the Gaussian shape of the output field increased, the T E 10 wave profile decreased, and the relative amplitude decreased. In addition, by increasing only the value of ϵ r , the width of the Gaussian shape decreased. The output profiles for N=1, 3, 5, and 7 are shown in Figure 6 Vol. 7, No. 2; 2015 7(a)-(e). By increasing only the parameter ϵ r from 3 to 10, the output field is dependent on the input wave profile (T E 10 mode) and the Gaussian shape of circular dielectric profile. The output profiles (Figures 7(a) - (d)) are located in the left side with regards to the output profiles (Figures 5(a) - (d)), and the anti-symmetric shapes appear. Figure  7 (e) shows that by increasing only the value of ϵ r of the circular dielectric profile, the anti-symmetric shapes appear the output profiles and the amplitudes increasing.
The output fields (Figures 7(a) - (e)) strongly affected by the input wave profile (T E 10 mode), the circular profile, and the location of the center of the circle (a/4, b/2). (e) show the results of the output field as a response to a half-sine (T E 10 ) input-wave profile, where the radius of the circle is equal to 2.5 mm and the center of the circle is located at the point (3/4 a, b/2) for ϵ r = 3, 5, 7, and 10, respectively. The other parameters are a=2 cm, z= 15 cm, k 0 = 167 1/m, λ = 3.75 cm, and β = 58 1/m. By changing only the center of the circle from (a/4, b/2) to (3/4 a, b/2), the anti-symmetric shapes appear in Figures  8(a) -(e). By increasing only the parameter ϵ r from 3 to 10, the output field is dependent on the input wave profile (T E 10 mode) and the Gaussian shape of circular dielectric profile. On the one hand, the output profiles ( Figures  8(a) -(e)) are located in the right side with regards to the output profiles (Figures 5(a)-(d) ). On the other hand, the www.ccsenet.org/apr Applied Physics Research Vol. 7, No. 2; 2015 output profiles (Figures 7(a) -(e)) are located in the left side with regards to the output profiles (Figures 5(a)-(d) ). Figure 8 (e) shows that by increasing only the value of ϵ r of the circular dielectric profile, the anti-symmetric shapes appear, the output profiles and the amplitudes increasing. Note that the amplitude of the output field is not changed in the Figures 8(a) -(e) with regards to Figures 7(a) -(e), respectively, for the same value of ϵ r .
The output fields (Figures 8(a) -(e)) strongly affected by the input wave profile (T E 10 mode), the circular profile, and the location of the center of the circle (3/4 a, b/2). (e) show the results of the output field as a response to a half-sine (T E 10 ) input-wave profile, where the radius of the circle is equal to 1 mm, the center of the left circle is located at the point (a/4 , b/2) and the center of the right circle is located at the point (3/4 a, b/2) for ϵ r = 3, 5, 7, and 10, respectively. The other parameters are a=2 cm, z= 15 cm, k 0 = 167 1/m, λ = 3.75 cm, and β = 58 1/m.
In this example, the centers of the left circle and the right circle are located at the points (a/4, b/2) and (3/4 a, b/2), respectively, as shown in Figure 1 (b) . Figure 9 (e) shows the output field in the same cross section of the results in Figures 9(a) -(d) for ϵ r = 3, 5, 7, and 10, respectively, and for x-axis where y=b/2=10 mm. In this example, the periodic structure with two circular profilesis shown along x-axis.
The output fields (Figures 9(a) - (e)) strongly affected by the input wave profile (T E 10 mode), the periodic structure with the two circular profiles along x-axis (Figure 1(b) ), and the distance between the two centers of the circular profiles. Vol. 7, No. 2; 2015 Figures 10(a)-(f) show the results of the output field as a response to a half-sine (T E 10 ) input-wave profile for ϵ r = 3, 5, 7, and 10, respectively. In this example, the radius of the circle is equal to 2.5 mm, the centers of the upper circle and the lower circle are located at the points (a/2, 3/4 b) and (a/2, b/4), respectively, as shown in Figure 1(c) . The other parameters are a=2 cm, z= 15 cm, k 0 = 167 1/m, λ = 3.75 cm, and β = 58 1/m.
The output fields (Figures 10(a) -(f)) strongly affected by the input wave profile (T E 10 mode), the periodic structure with the two circular profiles along y-axis (Figure 1(c) ), and the distance between the two centers of the circular profiles.
The output fields in the same cross section of the results of Figures 10(a)-(d) are shown in Figure 10 (e) for xaxis where y=b/2=10 mm and are shown in Figure 10 (f) for y-axis where x=a/2=10 mm for ϵ r =3, 5, 7, and 10, respectively. By changing only the parameter ϵ r from 3 to 10, the relative profile of the output field is changed from a half-sine (T E 10 ) profile to a Gaussian shape profile, as shown in Figure 10 (e). The results of the periodic structures of the output field along x-axis and y-axis are demonstrated in Figures 11(a)-(b) . These results strongly affected by the half-sine (T E 10 ) input-wave profile, the locations of the circular profiles along x-axis and along y-axis (Figure 1(d) ), and the distance between the fourth centers of the circular profiles. . These results strongly affected by the half-sine (T E 10 ) input-wave profile, the locations of the circular profiles along x-axis and along y-axis (Figure 1(d) ), and the distance between the fourth centers of the circular profiles. By increasing the parameter ϵ r from 5 to 10, the Gaussian shape of the output field increased.
Conclusions
The first objective of this paper was to present a technique and a particular application to calculate the dielectric profile, the elements of the matrix, and its derivatives of the dielectric profile in the cases of circular and periodic circular profiles in the cross section of the rectangular straight waveguide. The second objective was to investigate the influence of the circular and periodic circular profiles on the output fields.
The technique was proposed in detail in order to understand how to calculate the elements of the matrix and its derivatives. The output results were demonstrated for circular profile and for periodic circular profiles in the cross section.
A comparison with the known transcendental equation was shown in order to examine the validity of the theoretical model, by using with the proposed technique. The result of the comparison between the theoretical model with the known solution (Collin, 1996) has shown good agreement.
All the graphical results were demonstrated as a response to a half-sine (T E 10 ) input-wave profile and the circular and periodic circular profiles (Figures 1(a) -(d)) in the cross section of the straight rectangular waveguide. The calculation of the elements of the matrix g(n,m) for an arbitrary profile in the cross section of the straight waveguide is given according to Figure 2 .
The results of the output field as a response to a half-sine (T E 10 ) input-wave profile show that by increasing only the value of the parameter ϵ r of the circular dielectric profile (Figure 1(a) ) in the rectangular cross section from 3 to 10, the Gaussian shape of the output transverse profile of the field increased, the T E 10 wave profile decreased, and the width of the Gaussian shape decreased.
By changing only the center of the circle from (a/2, b/2) to (a/4, b/2), or by changing only the center of the circle from (a/4, b/2) to (3/4 a, b/2), the anti-symmetric shapes appear, the output profiles and the amplitudes increasing.
The results of the output fields strongly affected by the input wave profile (T E 10 mode), the circular profile, and the location of the center of the circle.
This model is useful to predict the structure of the output fields for circular and periodic circular profiles in a rectangular metallic waveguide. The application is useful for straight waveguides in the microwave and the millimeterwave regimes. 
